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APSl -RACT OF YJl L£ i3l Sc:L0SIII^1= 
Ati ulectTode device for iccivLcat 1/ htnliu^: midergrouu 
deposits of hydroc^5)^l?ons such as oil -sautl or oil ^bulo, PJxiral 
veil pipe ^ectioiis aio joined through i.ii.ruliited pipe joints with 
an c;] cct.rcido conne<^te<l thvouj^Ii one of thi; iii.snlat.Ed pipe joxntn 
to a lower oht of v.>xe? pipe sections. Each of the insulated i>Ipo 
joints includes a first tiihul.str member having & flange portion 
at ouo ftnd UitMKof, p secontJ tubular moimbcr haviufc a ctip pi^rtioTi. 
at one end ifhich is retbivcd in the fJetrgt) poTTtion of the first 
tubular member with a gap there^betTfeen, and an insulating jnenibut' 
^iApqscd in the ^ap lor hermetically couplitig tltc first and 
second tubular members and for eldctricaXXy ini^utatine first 
and second tubule:r mambQ^s fvom one another. 



ELl^a■rsiOClE DEVICE FOR Ki.E'iCTRlCALLY HEATING 

u^fi>liuu^?Dl)^gD deposits of HYDiiocAuaoKs 

BACKGKOlTt^D QF rtll- rKVENTIDN 
The present lavoptioiv relates to an electric device 
used tQ electrically heat uniSorground deposits of. hydrocavboiis , 
Wore specif icall/, the present invention relates tn an electrode 
5 d&vice vfhich is used to supply eluctrlcal power to n-n underground 
deposit theTOhy to heat the hyirocartons present in the deposit 
to cause them to have a Hph^t viscosity sad liitf^ier fJuidit/ in order 
to !fft£>r3 easily rctnave theia from the v^tJ . 

Tht> terjn ^' hydro c^rboiis*^ fis used 3iereinitfteT means 
10 • petToleum or oil, bitumen ccntainud in oil sand [al^o called 

"tar sflT^d^') a]i<l kerogen contained in oil $b^le* These v<ill all 
be referred to as ^^oll" for simplicity. 

If the oil in th« underg-round deposit has sufficient 
fluidity, it is possible to Bxtract the oil through the well 
15 ^jithar by gas pressure coexisting Ixt the oil layer or by forcing 
a liquid such 9i5 brine into one well to forco the 9x1 to flow 
out of anothier well, UatftJVsr, should the unde-rground oil havo 
low fluidity, it cannot Ijq e:ctracteil until the oil is made mora 
fluid. A iceneral method of mating the oil fluid is to heat thtj 
ZQ oil thijreby to lowbr the viscosity of the oil. The temp^irature 
suitable for this is differcsnt for different typ^.^ of oil. 

There have hc^n proposed as oil layer heating methods 

t' » 



the ifljcdtion of hot wjit^r or v^ter v&pors at a hi^h teiRperntuTe 
under a high pressure, supplying electrical power to the 
underground <J«posit, underground combustion in ^7hich the under - 
^rounii oil Itiyer is ignited vith a supply of nir so that it may 

S be burned, and the jiae of explosh'es. The last two methods are 
difficult ta qontTDl sq that thoy ^to pot i.n gOTioral use. 

According to the method of injecting the hot water or 
water vapor at a high tempera turD and under a hifih pressure > 
the oil layer i3 heated to enhance th^ fluidity of thts oil to 

10 " cause the fluid oil to flow out to the ground s\irface. Iff how- 
ever , some re^ioj^s of the oil deposit have a low x^^istance to ' 
the flow of hot water or v/ater vapors or there are voids in the 
oil layer,, th? w^t^x or vapors may colloct in these regions and 
fail to diffuse throughout the whale layer. Moreover^ if the 

15 oil layer is solid and dense, the hot Tcater or it^ vaporsi v^ill 
again not difftjse &o that the oil layer cannot he heated. 

Heating by the supply of electrical powder i^ perfufiubd 
by drilling a pluralit/ of v/olls in thd oil layer and "by establish- 
ing poteTTtial differeTices betveeii elsctrodas disposiid in the 

20 wells so that the oil layer is heated by its re^i^tance to the 
electrical current ^'hich floTfs therethrough. ThiiS tochnlque is 
advantageous in that the oil layer can be vholly h^at^d with oase 
even if it has voids or is solid and dense. However, aTiother 
device is required for pumping up -the fluid oil, 

2S For improving the oil producing efficiency » there has 



^:Llrtht^v b-een proposed H piDthod wJuch IficlLidcs a first sX^p of 
beut.ing the oil Inycjr by electrical f'ft<5ii5^tsii»c& heating and a step 
o£ inj&cting hot water or walei" vaporti at a high te/nperaliiro anc{ 
anduT a high pre&siiro whcA the gii layer becomes *soft whiXp con- 

i timuhg the heatirTg sd that th^i resultarit fluid ail may He pumped 
out. In ordei' (?£f icaently heat the oil lay<:Tj tho slectroOe 
device must be stiff iniontly electrically Insulated thiit t>ie leak- 
age of eicctxlcHlly current into underground pcirtioivs other than 
the oil lay«r ts avoided as much as possible. Tho Bl.ectrotie de- 

10 vif:> in al5o required to be tinhrcakaSlQ with respect to the under- 
ground soil pre5SLtre, the piessurc of tht* vapors \*hich are jjener- 
ated by the heatlnj^ cspcration, and the pressure of injecLed hot 
v.'ater ^r hot high pressure 'water vapors. The elcctrotje dovic« 
l5 further requireci to be free from loakago of hot v/ater or hot 

j.S high pressure water a'apDrs . 

Tit ord&r to explain, the electrode tSevice of this jLiiicral 
typ& more fully, an example in which the oil Is oxtractad from 
oil 5Tjndl will be described. 

Oil sand, also called "tar sand", is present in la^TgO 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine between * 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially ibxposed in a valley or at the banks of 
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A riveL- bub i :^ most t?£ton locE\tecl ontt.rfily undexyronnrl at 
dopth,.of 200 to 500 vs wMTk having a tTiicknt:55 of i^KveraX tens 
o£. meters, i^Uts to oonpi-flftratioa of econonvy And cnviLOiiHifJcxt^T p^'o- 
Uoction, it is nc^CftBsar^ to separate out fcho oil unaor^round and 
to OKtrftct only the oil -froiu the woll. l-loreoyor, sincB the 
extracitiof^ of oi). irpin u shallow undijrgraand Xayer i^ accon»pEiniGd 
by & danger oi: subsiacnoe, it is dCDiratile to oxtxact oil only 
from ixnderground layers Jyiir^^r i3eepcr than 300 jfu. 

Purther aspEots of the baokgraund d± the Invention and 
thCi Xavention o.{- tho present upplicauion Ate d^iKcribea with 
the assistance of the accompanying dravrn.i^gs in" x/hlnht 

l-'n.g* 1 ia schomatic si^ctionaX viev? show).n9 a 
converxtional i>ri&r art instnllatio^^ of the tjeueral type vfith 
vhich the j.i>v^ntiort is ^iltllitedf 

Uig* 2 is i\ trross-ppctiontil. view of an ineulabtiO pipe 

:^oint of the invention; 

Fig* 3 is a oroas-96Cti.ona3. Vi^ shovxiTig eevoral noined 
pipe sections , an eleotrode and insula I'-ad pipe iotntB in accordanf^e 
V?ith the invention; and 

Pigs. 4-7 are a* scries of cr o s s- section si 1 view 
i.lluat2rAtiacF the utaC Of. inaulating coatingii in aooordanoo with 

the invdjiitlon- 

Fig. X ill«£ifcratQi5 thO* heatinEf oi; an oil Siai>d 3.ayer . 
Ijy ElQCtxodea couplud to a powcr supply. In ^ig^ i. rofe^rencB 
r^meraXB 1 fend U indicate main guide pipaii KiadD of steal, 2 
ai^- 12 indicate insulatoi;s joined to tlic main ^ide pipes 1 and 

11, ci and 13 .i.ndicat** olectrodeii joined to th& in^vlators 2 and 

12, p^'foratlona &x& fornied iii th« electrodes? 3 and 13, and 4 and 
14 iodiontoj cablea for feeding an cleotric: crtirrent to the ele- 
ct irodes 3 ai^d 13. This ^^ssembly ia hereinafter called together t]ie 



''clccv.rort^ dGvi{:e". Rcfex-epnp mifHGrai 5 infiicuttis n power 
aI:>ul•^X^, 6 iu^J j.C^ t^f? an oil Scjnd Iriyer, 7 in<i,i.CE3t(>L3 an ultiOtrio 
curriistt fjlOWi.nq between tlio ele-ct^rodes 3 and J.3 , B iridicatec bhn 
gromicS surface, 9 inaiCFatsB ail ovcrbUTdeu layer,, and lO in- 
dicate? a .Layer below the nil sand layer, 

When £1 voltLiyc i5 a^pli.fid to the eXfict rodeo 3 
which arc buried in the oil Banc£ layar 6 from tlio power 
source 5 throucjh the cablO-D 4 and 1^, tho ourrtint 7 ilowf^ In 
accord.inc-e with the electric rc-cl ^^uancR of the oil aand layer 
& as a result 
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pf v^lch the oil sand layer 6 15 heated by Joulft or resistanct; 
heating, AlthDugh, the current 7 paztaally flow^ into the cver- 
liurdsn laytr & and thti Isiyer 10, the leakujje is mintainfid at a 
lov level because* the insulators 2 iipd 12 are luteTposed hotween 
the m3.iB guida pipes 1 and 11 snd the electrodes :S and IS. Aiter 
tlie Qil sand layer 6 lia^ beeii wsrmed, the powor supply is inter- 
rupted, Hot water or water vapor? at a high teffiperiture under 
a high pressure are thtn forced from the upper inlet o£ 6nt m^in 
guide pipe 1 of the electrode device aftd flqvr through Uht> ail 
saijd layer 6 until they come out of the other main gpade pipe • 
11 carrying the oil, m ordci* to improvo the flow rat^is of the 
hot tv'at^r or the hot pressux^ water vapors, perforations are 
formed in the electrodes 5 and 13. 

SiTn^e the uppt?r portions of the insulators 2 and 12 
are connected to the main g\ude pi^e^j 1 and 11 and the lot^'ur 
portions ^ire conooctcd with tho electrodes 3 and 13, a doicn- 
ward tensile str&RR is s^lwzys applied to the insalator.s. Mot'e- 
over, since ths Eii^,serably tan be at a temperature as hijjh us 
2SC>^c to JOO^'C, the insulatDrs should bo ahle to withstand such 
tempiiratures . Also, since tht* inpidators 2 and 12 are bQTie*3 
und<irgTound as dc^sp as several hundred jiiate^rs with thp electrodes 
5 an^ 13 suspended from their Lower eiids ytith the upper enJs 
thureof connected to the main guide pipes 2 and 12 » the insulators 
2 aTtd 12 vfili itiuiost certainly contact ot collide with the well 
walls vhilu they are lawdj&d into the well. Because of the 



gTo&t total \;eijiht, any ^li^ht contact will iijipose n. hlK^i sntichi- 
nical impact upon the insulators 2 and 12 ♦ There I'ot'b^ th« 
insulators 2 aad 12 arc roquired to be able to ^fithstajid autici^jatod 
levels of mcn:h&nical impact-. 

5 Tn an electrode device whicH hpatp an oil sanO layer 

when it is liu^j^jiiEd ^citti elactric current, a major prublem is 
thac the olcctrit r^si.'itance in z'oq oil sand layer is appro xijiiately 
equal to the overbuTden layer, fiince Lhese tltsctric reslst^iices 
differ depending on place and conditions, they cHimoL jJisncralXy 
be precisely stated. Hawovor^ avorag^ valuer: are lt>l>0-in For 
Che oil sand layuT and liifl'lFiO*i -m lor tli© ov«ThuTclen lny^r. As a 
resxilty if an electric ciirrent is supplied to t^fo electrode devices 
which constructed by conTiecting alectrod&s to guid(? pipes m^^^ 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, UiOiSt of the cxirrbnf will be Conjiumod in the avOTburdOrt 
layer. In order to avoid this problem, it is necessary either 
to cov^T the surfaces of the guide pipes vith an insulating cDatin^i 
DT to Insulate the electrodes from the guide pipes. 

Various al^tempts have been made to provide insulators 

20 wKich satisfy the af arc tae till one d requirements. In one such 
ftttcmjjjt* flanged tubular members made of m&tal are coatod with 
axgaslic I'esin whicli provides a high resistance tq hent* An 
appropri^jte lAaterial is polytetraf luoroethylentj resin (foT example 
"Teflon'^''^" -which is tr&dc name of du Tout) . ^'ith this 

25 construct ion ^ insulating mGmboxs are provided ifhich are 

satisfactory in their ability to withstand a suJipcndin^j load 
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Hnrt mechanical impact forCQs, VJoKCver, i t >i>i,s pjored quite diffi- 
cult to coat the flaTi^a portTDns salisfiicioTy with the irisuiiit- 
ing aiflterial. Mrtfftover, even i£ sat.l.sftictoxy insulatiiijc; char- 
acreiastics. arc prayided at tvom tonupetattire^ th€ iiisulating 
coating has a tcnde-ncy to sepai-ata, especially orouod tho flange 
portions » du£^ to repeated I:}i<i!rni3l expansion aiid tiyn.traction 
such H3 is t/ptcally D.Ticoi»ntered in nomiil operating conditloiis . 
If the insulation coating is brolcon or cavsed to flake off, the 
insulators thiiA pTo<tuce<l becoiiiu useless, 

' Tn ^ second attempt, porcolaln IllatQTi^il has heen used 
for forraiiig the insulators r Howevtir, it i5 c^.lso necess^i'y in 
ccnstructing the insulators to take into account the roquirement 
for providing water and oil tight characteristics vith raspect 
to the cPT^necti on betwecTi thB niain ^uide piv^^i^ ^ Jl ai^^l tlie 
olbctTodes 5 and 13 as as between the iui^xilating member. 

Tho connection has generally been made by shrink fitting metal 
^ip*j,s on the outer petlptitJTal surface of tliB ptircelain pipe and 
then conjiected with ot^ier metal pipes ordinary techniquo^ Jiucb 
as wcldini^ nr attachment with hnlts. Vflth this constx^jctio]! , 
although tho wall or oil tight chj?racteri st i C5 may be acceptable 
at rooiii tcfsiparature^ the strength pf the shrink- fitted joints 
teodi to drop as the teiiipcTaiture is increased sc? that the ahi- 
lity to suppoyt tbt;t su^^pended load is correspondingly lowt^red, 
Morcorex, breakage of the porcelain may taken place as a result 
of the stress amposed upon the leading end portiojis o£ the shrinli- 



fitted areas. Ttn order to eliminate such drawback?, thero lias 
heta proposiid t^it? use oX a porceiain pljie hnving ends formed 
as f J Huge portions with the flange pavtions fpsCentU to jiictal 
pipes with packinK^ intf^xposed between thu contact surface?. 
5 With thia L-oTi.strucT:Ton> the above- stated reciui.rements 3 re met 
at room temperature. Howevisr^ the water and oil ti^ht isottl.ing 
tends to dctuTtorate upon repeated thermal expansign find con- 
tractrpn. Moreover^ poriieliian -intriiis^ically lacks strength 
against mechanical impact farces. Thus, it has a hi^h tondBntiy 

10 to be broken by a jiiQcharical impact force such as i.'; nxdinarrly 
encountered while th6> asjjembly is iowereO through thtj w^ll, 
Tlius, thii prc>sr5^-iciTi of a porcelain in&ulator suffET.s from the 
unavoidable defect that there is a high tetideTm/ of breaOtage. 

V^t iurth&r, insulators faimod of organic polymeric 

IS compounds have been proposed. Although ^uch compounds may have 
a high strength at room tempevaturfc >iTid axe qutto good electrical 
insulators, most of the compounds of this general class are not 
particularly heat resistant. SpBci f i cany,very fe^f compeuTids 
of this, type arc ki^uv/n which are resistant to hoi: '^atox or \/atcr 
vapor at hi^h temperature and uTider high pressure* 
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SU>mRY OF Tim VTG N 
lA accortlajiiic ^«*ith tlici invent! i^n, t^Kjre jirovided 
an cluttTDde devxco ^or ^l.ectvi rs^^i ]ty heating imdergrowd deposits 
of hydrocarbons iwcluiSing a pLurailty of well i>ip£ soctlons^ 
5 en electrode adapted to be disposed in aii unfier ground cl&posit 

q€ hydrocarbons J:or supplying an electric current to tlie ufider- 
ground deposits, a ^luraliL>^ of iTi.^uliitin^ pipt* jivints ckcH 
including H ftri^t tub^jiar Tn^mber hav^Tig a flange pqttlon at one 
&nd thereof, a second tubulor member having a cop portion at 

10 one end thereof adapted to bo rcciiivcd in tlic flatigo portion 

Df the flrit tLibulax rnQnabciT with a gap tber^bfttwe^n and an in* 
sulating mc^mber disposed -Lj) the gap bet>reen the flange portion 
and the ci^p portion for hermetically coupling the first and 
getoftd tubular iftcmbers while al&ctrlcally iasulatiiig thcja frazd 

IS one a-nothftr And with t'he insulating V^P^ joints beiTig iisBft to 

couple 3"t least s^ome of pi^ie jiectinn^ together and the e1f?t' 
txode to one af the pipe iicttions, and a gab! 9 connected to th© 
electrode for supplying ^n electric current thereto. 

At tca^t SCxmis of the in:5ultttin^ V^V^ joints can bo 

20 interconnected. Tlic insulating incjtiber of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
^ap bctb/ecTt the flilngc pOition in the tap p<>rtLOn And SCtOnd 
insulating portions disposed adjacent inner and outer surfaces 
i>f the tubular members with the fitst and second insulating por- 

25 tioTss being formed integrallj' with each other- Preferably, the 
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1 insulating jaeiriber of RiirSh. of. the iiiEuLattitl pipe . jDicitCi in MtxHiy 
oZ a gluss-jnicci molding .Corji'io<l Hrom v^ow-^lisrc of €ila,r.p. and niica. 
An iiisulatintj coating may be provided on ah leafet A portion o£ 
the oixtot^ i^arHacii of the iriuulated pJ.pc: jointsu This coAflp.g 
may be ix r^^yin oJ: polytiatr^iriuoroutii-ylcsia r a resin ot <3\pVjonyl 
oxidii. >loxeovor, u proteetiva layer of insalfition can be 
pEoyi^Sed aroynd at lo^fjl- a j^ortion of tl^R insulating canting* 
^he pro teci Live 3.ay«ir JOfi/ bo an inoxpcnoivc mat:eriaX suc"h af5 
polyothylcxio, pt>lypropylenEi or polyvinyl chloridei. 

Further ob'^e^fci^ an<3 af^V^n Vage 9 of tbe inv^ention -will 
appear froio tha follow^ing description taken t09€LbeK: wiUh the 
AcdOitlpan ied dr av^in^ b . 

In accoxdtincrii with the invGihtion, tharo Ic provided 
an Bleutrical heating elsctrode device which jLs entirely froo o£ 
the above-jQent-Aoaecl dra^rfbacXs* A preferred eiabodiment o£ 
the otltictroda device of the invention will be destcribed xn detail ^ 
ffiiTBt with rtilJoronce to Ficf. 2 whl^h shovcii a throes -ijectionfll 
view o£ an inBuliit^dE pipia Joint 21 vfhiuh utiiiztd with the 
Blectxode dtivicD of the invoutlon. 

O'hfi pipe joiwt gon^rally doslgn^ttcO ^1 in Figure 2 
comprises four basic alernentaj 

a first tubular mefmber ?.7r a secoaad tiibular manibar 33 , 
a cyS.lndricai sltieV4i-liit& covar niiimbGr 29, and an Insulating 
msmbsr 35. 

'/he fii'st tubuln'r JTriOAibGOT 22 comprisec ft cylindrical 
tubular pD)?ulo)i 23 with ^ radially out^^^dly esi tending flange 
portion at a lowt^r entl ae shown. 

The f>eoon<^ tubular memlvei: ^3 compriBesJ a cylindrical 
tubnlar portion 30 with a ruclially outwardly extending hub portion 
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I 25 ab ai5 uppeo: pncit ^fj r^iiO-wn, The iritoxiox diam&tui- of tubular 
portion 30 of tb^ SL'uorifl tubuX-rir nffintbw ^^ n.9 eUovn idaat-isCal 
to the? interior diama tar of tubular portion 23 of the first 

Hub portion 2fi of f-hf*- 2nd tubulcir member 33 i& provi<lcd 
with an iT\tea:/^al ai uvular recess 31 a& ahcywu. Huh portion as 
is also provided with external threads 32 which mate with 
threac?a 29 on cover member 29 to bo clecjoriboclr 

Sleeve -like cover mEmboj: 29 comprises « cylindrical, 

10 tubular, druta-like portion 26 with, ixiterj^al threadB.28 at one. 

lover end <xii Bbovzn in Figure 2 and a ?:A(iiaX3y inv^nrdXy extending 
o^p portion 27 at the other upper en5. As sbov/Qi t^ibular pi>rtlori 
26 3lolJ5 a Iftrgcr intornzil dieiiuiitBr that the external diameter 
o£ flango portii>n 24 of the first tubular jciember 22 bo aB to 
provide a gap therelbetween to J>e ocoupied by Insu I aiding member 

Cap portion 2V oJf cosher mcstabdr 59 hae an int^rnjil diiim^ter 
larger than tho e:^ternal aiametex of tubular portion 23 of I'ho 
Sirs-t tubuleir member 7.2 so as to fora a ^^ap tberebotwen. Tins in- 
t&i^TiEil diofnotea- of cap portion 27 is siaallor than the exterjial 

20 dieuntstEiL' of friaui^Q portioii 24 of ths first tubular wcitibcr 22. 

j^r^ferablY the first tubular jnember 22, secojocl tx\bular 
membor 33 and cover iTionbcr 2& are mudo .from i;teel. 

inauXatin^ member 35 include r an, on.tex -cirowmf erentlally 
insulating portion 36 vrhicli surrounds external surfaces of 
tubular portion 23 of firat tubular jueirtber 22 and an inner cir- 
eumfereiiitially Insulating portion 37 which fits inside the internal 
annuilar recess 31 of hub portion 2s of the second tubular meniber 
33. The inn^r irir&ulatincj portion 37 haii thcs same internal 
diameter as that of tubular portion 30 of the Becoxid tubular roember 

3^ 33, Ab jnay h& Bften, insulating jnembar 3S comprlii^s an integral 
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I m:tv)hi>r oxLcncllny froxn i^ortion 36 tlmroof to portion 37 thereof, 
IntegrEil insulating memj^e^ -^ia tiiu9 ejjacGB surfnucis Ot' bhe Ciri^t- 
tubuJiir ineiiiber 22 from siirfdcrftR of Becc>ncl tubular IftOTObor 33 ari<^ 
cover mombcr 29 by a gap oocupiod as sseen in i'igur*? 2 hy inaalatiny 
ineinbe:^" 35. Insulating mcvmbeir 35 inEUlatfisH first tubular iMOTObcr 
22 from contact with :iooOiia tubular member 33 Bnci nover iiietiibejT 
29. 

Wxth cover Fftenjjjer" 2? aorwed down onto sccOiiU tubular 
mombttr i3 as aliCwn in FlgUrti 2, fliin^^G portion of first tubular 
^0 merober a? encase<l by insulat^.n^ member 35 ia sisiidwlcbo-cl between 
cover BOiobcr ?3 ami the u^er end of hub pDjrtit?ji 2rS of the 
secomd tubal au inicmber 3 3* whexeby j.ns u J at ing membBr 35 w&y form 

hGTiKiatic i;€ial botweori firct tubular mecnlDex 22 isnd second tubuli^r 
jocjnber 33, 

By £;crew.iDCf cover mesnber 29 onto. sEcond tubular 
tne^bel: 33 ^ fir at tabular mDiwbar .22 may be firrolx^ sealsbly coupled 
to aocoad tubuXar niember 33 yet insalativbly l50l^iU<;<^. l-li-firefrom. 

in assembly, first tubular portion 2Z may i>& iui^fcrted 
thrbticjh cover mEjnbEr 29 follo^^ittg which cover merabar 29 nuiy be 
20 screwed onto second tubular portiori 33. Th6 Ijnsulal^i^^g mEmber 
35 may bs s&&n to occupy a cj^i? between the first tubular ratrabcr 
22 and the CQi(lbi.Hatl03> of the second tx^bxilar meinbsr 3 3 eind COVor: 
iHember 29. 

Px&ilGrftbly/ the entire inaulating mernber is mfide of 
a coJitpD flit ion of glasi: and mlOfl and is formed by a mt^idintj pro- 
C0«!?. The i)ip;ilAting aaejab^r x& foriTlcd by howling a mixture of 
po\7c?ers of! glass and mica bo a sufficiently high temptsxaturc 
that tbo mixture become b fluids Onc^ th© mixture xb fluid, it 
XB pressure molded \l&ilV9 a mo.ld of appx-opriate 6hape. The for- 
raation r>f the intJUlatin^j member 35 V7ill X>p. deaairbed In jnorc 
de tail/ 
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TliO firsl: linbular juenihor 32 CiJ\d th« second tubular 
meinber ^3 aL-u assombied to be pocitioi^ed afi ishowi^ 5.u Pig. 2 nnd 
axe UXP.n heateid to a predetorAiinod tOT(ni->erat;ur&. ThO two. t\3ln\l.ar 
nuimburt; at the oXcvat<:f3 iiempRxatur© eiro Tit tod into ci T^iold, 
Ke-KU, 3 mixture of glnss &t]c3 TlftiCft povdexR in pre^fcarcd by pj^^^ 
rnoidiiig the? mixturo into v.he fai-m ei proilTolnetry molded ziiexiibcr 
of a cylindrical shape which will fSl Xx^ t^a gay btjtwccn the 
tabular portion 23 of tlio first txibular mem]3c*-r 22 and cover member 
2d. The prcliTolnary mold&d jiiember is heated to a pradotCX[ftinod 
temperature 4t/id Tittad in tlie ^ap in a heatCHi ccrdition. mut, 
a pxeeEiur^ is applied to the preilm-nary molded weifibcr be.fove 
it coo It; to force th& material o£ the iSLY^::h^L' to i'lov.' ihto l:ho 
gap betwBEii thtj fir&t and f;ecoh<i tubular itieltibcxi? Rnd into th6i 
interna.!, annular receisf; in tho second tubular Kioiober 33^ 

JTor the material of the prelim inary inolded meimbor, 
45 vit% taf gX^BB pot«3Gr prepared by pulverizing a glci^e u^ed foir 
enamel coating steel objectB, coirnnar daily available -as Product 
llo. 2312 of Kippcn Ferro, Atd., to ci eiae of 2CK) mesh itiijtfed with 
55 \M of mica powder of synthetic phlogopolte of a siaie of 
GQ to 200 me^h. 5 wtS of water is added to the resultant mixturs 
to.-?«6t it &o .it can be tnoldod. 150 0 of the ^tsttctd mixture 
ip molded utjing a cold preaaure raoldiXb9 procees to form a cylln- 
dricalli^ shaped body using a JflOld (nor. ahDwn) , Tho prclimiisary 
Eiiolded inolilbCjJt: wa^ dieposiid in a cirter at 120"C for two hoxirs 
to dry it prior to its use in forming the insulating jmesnber 35* 

Ap deacribed above^ the c^vei: nieimbcr 29 and tne hub 
port von 25 arc ^joined by scT&w thrcjads. Howex^erp the Invention 
is not iintiied tliexGto as tlic cover membBx 29 ftrKl the hub por- 
tion 2r> can bt: 3oified by wl-ding. 

tn an alternate cmbocli.ment r bhe cap portion 27 of 
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1 the cover roeiv^ber 29 ifl clL^/ided inLo fonx: qiiaclxan l:a U;o of x^hiic'n 
axe removeiJ, r.h^ flango pr>rtion 24 of the first tubular .TOeKibe.r 
22 ifi l-bou OXjtt ;^uuh tbdt the rcfiiai nitirj £?»axt of: tUc .Claii<jti portiO/L 
2 A can fit through the two i:t>iat?v©d ijuEi^ilranti; oC thc3 oiip portion 
27 so that the flange portion 24 can bo located uncler llic cap por- 
tion 27 of the covtix' meiLiibEr 2?>. 

V/i Uh the ir>r.ulci te:d P?pf^ ]o5.nt dor-cribecS ahova, a ten- 
sile force; imposed on the ctiOs oJC thfi joint is conv^nrtecl iiito a 
campreBBive force wivich acta t>etveeii tbe cap portion 21 nntH 

to eian^o portion fe'tnoe the c<>TtipressloTi pl.rength of th,e insul.ating 

membcir 35 of the typo dcGcribccl is muoh cfreatcr than xts tejisxle 
stxEnyth and since t)ie Coxco pojf Unit area can bo Fjui uably pch • 
by adjUGtJjog tho e^tUeni^ of the *rea on which the compi-eHsivE 
forccii arc applied/ the resulting assembly ifs tjuite strong qqU 
ahl& to \fith2JtEincl hi^i t6rt£iil6 forces imposfid on the ends of the 
joint. 

r^t hi.gh toinperat urefi, for instance 300^C, the heat 
resiBtant Chirac tori £itics o± the Inaalatincf m^:mbcr are primarily 
■ determined by the thermal chArncteri sties of the gla^fj material 
7,0 ua<i<i a^ l-he startinij material. P^irtiuularly, the; transition 
. tamp Era t\:ire of thi.5 inatoxlal is irdportant * If th?i ticanoJ.tion 
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temperauiie i-^, for in5tanc(5, in a range of '^C to 600 '^C. 
a high mechanical sti'iitifith for the overall asspinbiy will be 
preserved to a Lewiperj^ture of fit le&?t 300*0. 

ICith TGSpect to the roi^lsLance to mechanical Tmpat;! 
■forces^ the mica powder which is u-scd to form tho InsulatlTi^ 
meipb^^r is composea of particles hiivinfe a flat shape whereiTV 
the THtio of the diamBtcr to the thiclcness of « single sc^iTe 
partlclD feenerslly in a .range nf 30 to 50:1, Due to thf; 
yresancc o£ the .scale particle?, tho inol<led insulating wembor 
has a ).ttiiiinatea form thcieb/ providing it with » liifth elasticity. 
This high elaatlcit/ would not he present 1£ the in^ulnLirig 
memhai- were fonned only o£ gluss powders. Duo to the larfilnateJ 
construction, t^je insulathi^j luemb^i: U provided with a inuch 
grs^ater resistancei to repeated tc«iperatur9 changes ai^d mechanical 
impact foT^cos then is d prior art t>T>e of insulHtlng mesnljeT luade 

£ an inorgaTiic compowd. ITierefore^, the insulatiAg member 
produced in accordance with the invention is sufficiontly stronff 
that it can withstand the t>'plcal ijnpact force* which arc en- 
Lountered di^ring the us*-. a£ the stTUCturo, 

Next, the cnx^struction of a preferrBd eiiil)odimePt 
of aji. elcctroae device of the itHvention \}ti Mining the above- 
dGscribeJ lTi.Hulatecl pipe joint 21 -.fin be given vith reference 
tc V"ig. 3- RefBi'cncc numerals 1 to 4 \ls^?d in Fig. 5 indicate 
similar Ci>fiiponeut5 &s those of Fig. 1. The ri^hthand half of 
I'i^. 3 shows the completed structure of the insulated i)lpe joint 
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21. As >i>iftKTi in the figure, the i:nr.ulatiug menbeT 2 includes 
-tKD insiiIatjRd pi.pe jolitts 21, One end o£ the insulating member 
2 15 connects J to the pipe 1 ond the other to the uioctrociL; 
3. These COnnDCtiODS may bt^ iiimltj hy w^'li-'kjxQVXi techniqup^ jjiich 
as v/f)ldin^ or by th^ use of screv/ threads. 

As, in accordance with the invention^ th& compieteti 
3ni>ulfttDd p-ipe joint: 21 has a CQmrnoni thvovghholR of Cfin/^t3nt 
iiiternal diameter, the as^sembly aiid use thereof Is quite ea^y. 
Tor instance, the provision of the above-described partitions 
is quite simple, Oi cc^uTfit^, mnre than ti^'tl insulated [Jlp^^ joiiit.^ 
21 can be provided as needed. Also, one oT the pipe joints 21 
can be connected directly to the pipe 1. 

It n&&ded^ ^iurh as in the ca^e briTiw htivinp^ h hi^^h 

salt concentration is used, the outer surJ-^ac© of tfi« insulated 

pipe joiut 21 can be covered u'lth a coating 41 of an organic 

^ubiitanco having a sufficiently high heat resistant property. 

Thi5 is fthpwn in the left hand part of Pij^. 3. FOT cxani|>le , tlie 

TM 

coating 41 can be formed hy sbtink: fit tl Aft a "Tefloti " tube. 

Aji doiJctibcd dbovti, in accoTdauco with the invention ^ 
tho ^ipe^ and tha oloctrodiis arc Connected through the insulated 
pipe joints. Tensile forces applied at the ends of th^ inswl.at- 
6d pipe Joints are conveited into compression forces vhich act 
between the cap pontions and the flajige portions thereof- Since 
the comiiT^osAiOTi str&ni^th of tha Insulfttinft- moiTibcr is much greater 
than the tensile strength thereof, the overall electrode device 
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of the invention has h t^uitB high raechjiuical. ?>trDngi:h and tian 
wit3i5tai\d high pressures and strong ^^echanical ijnpact forces 
50 that it can be used undcjr scv<^tC opciati.rjg cPTid^tions often 
encountered in oil well application. 

Y&t furtlict, the coating 41 and the insulating members 
2 and 12 of the cl<jctrodc can ho formed from, othor mat<Jriil5* 
To determine what materials are be^t for these member5 , tests 
were comJucted to investigate the resistance of various organic 
polymeric coiiipouEids to hot v&Cer and v/ater vapor at high t^mpoTature 
10 and under high pressure. The compounds liive&tigated are listed in 
Tttblo 1 herein* 

Regarding the t^5t5, t^jst pi^^cQs of each of the materials 
vere placed in quartz teat tubes filled with purt> water. These 
test tubes were placed in a 2-liter autoclave contaiuin^j pure 
15 water. The autoclavo boia at 2ft[>*C at an internal presfiuto 
6fi kg/cm^ for a period of 10 days. Tha autactav© was then 
cooled to a room teuipt^ratare and the test pieces veru chcc^ced for 
appearance. The result,H £ir<J prescftted in Table 2 from which it 
can be seen that Tiot v/ater and steam had a much more adv&rso nf fcitt 
20 thjin dty heat. Of the materials tested* only jjolytetraf luoroethylent 
resin and diphunyl oxide resin ware acceptablt:- 

A coatinx of vater. and stem resistant resin can bo 
formed. tLvound tlie pipe 1 by ropcatedly applying cotitin^iS of the 
raaterisii and baking the as^embl.y until the desired tKitkness is 
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obuined. Wso. a coating of the heat resistant rei.sn caa be 
fomed by l-irst prepaiiag a tube oX tht> rcsin "navlng »" insiiie 
diameter Slightly larger than the outside diameter of thD pipe 
It.atii then slipping tho tube over the pipe 1, If the resin 
is xTi tho form of a she^t or tape. It bw/ be -.lound divectly around 
the pipe 1 «"d then fnsior-hondcd i£ uecBssary. As dcsiniheO 
above, a heat-shrinkable tube af i>olytetraf luoioethylfttie can 
ba slipped over the pipe 1 «nvd hoatea to fit it tightly to die pipe- 
As discussed above, whov> the asaemhly incluJinE the 
electrode is inserted into the oil well, there is univoidablu 
coTitsict .with the iimer wall of the well so that tbo heat 
resistant lasulating coatiiifi may be c1amagD<J. To pyavcnt this, 
protective coating of insulation 16 «.ay be formeJ around tlie 
insulittiou 15 85 shown in Pig. 5. Since the protective coiitine 
tS of insulation 16 msy melt or collapse if the electrode is 

©Kposea to high tenipevattires, it can be miidc o£ an inexpensive 
TO^terial such as polyethylene, polypropylene or polyvinyl cMoihde. 

Typic«l.l>r, the total length of the guiiie pipe 1 is 
200 to iOQ M. Hoi-fcver, a siti^le section of tho steel pipe thst 
20 ^.akes np the fuide pipe 1 is only about 10 m in longth< Vo join 
the pipe sections. Each pipe section is provided with b taper 
threaa on one «*nd and the pipe sections are jaitied by screwing ■ 
theja togotl>er. An insultitinu coatinij must also be formed around 
the joined parts of the pipe sections and on the surfac* of the 
25 coupling. To Hccon.plish this, as sha^n in Fig. 6, steol pipes 
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li\ stud IB arii crjv&red vith the coat-icig of heat vosistaEt ia.tsulat- 
ing material and IPB anil arc joiueO hy a coiapliuif iV. A 
coatiftg of heat x^isistaAt insulation 15C i?> fonned aroviT^rf the 
cbuplinti e?:t Ending iisto sidjacent aiea.s, A heai-sKrinkable tube 
of a |iDiytetraflQDro9thyl&jie is p.-^xticulaiOy suitable in thl.i 

To protect tha iTisulating coatings froin dire*;*!; contact 
ifith the inner va21 of the well* stD£?l pipe sections lA ^nd IE 
covered with the coating of heat resistnnt insulating material 
15A and ISB ^nd protective toatings of in-<;utation 16A and 16B 
are first joined through the coupling 17, Thereafter > the coupling 
16 is Coated -Kith the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coapling and in the adjacent 
areas as shot/ti in Fig, 7. 
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li\ '^jid IB cii'e crjv&red the coat-iug of heat i=QSi5tant injsulut- 

ing material ibA and I BE and arc jrjnn^^O by a couplin^j i'/. A 
coatir^g of heat T^?sistant insulation ISC fonned axDviT^ci the 
CDupliJifcJ extBn<lin£ into adjacent area-s , A heat-skrinkable tube 
£ of a -piDlytetr^fluDroetliyl&ue is p.9.Tticalar]y sx>iT.aI?le in thi.^ 
case. 

To protect: tha insulating tzoatinfis from direct contact 
^vith the inner wa3l of the v;ell» stoel pipe sections lA and IB 
covered with the coating of hDat resistant iixjiulating material 
ISA and 15B ^nd pTOtectlvc toat.injjs of insulation 16A and ibii 
are first joined through the coaplinfj 17, Thereafter > the cDupliiig 
1& is CQnt^d the haat resistant insiiTation 15C and then a . 

la/ex of i6C if fnrjn^d aronnd the coupling and in the adjauDiit 
areas sts shoc/n in Fig, 7. 
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Table 2 



Saoipl c A ppeavance 

A OK. 

B ' l\ETned into a luTPp. 

C ^o. 

JO ' CpXlapsed 

El 0*^- 
B2 

6 ' Tamed into a lump. 

H Glass whitened 

(Resin came apa-xf) 

I Do. 

J Do. 
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WHAT IS CLAl^nU) 

1, rin electrode device for electTlcally heating unOer- 
ground deposits of liyclrocarbons comprising: a plurality of kdII 
pipe sections; an electrode adapfccd t« ho disp[>si;d in an vndei:- 
gYouiid deposit of hydrocarbon-'^ for J^upplyiixg (JTx electric current 

5 to <;ttid (mdergroynd deyiosit; a plurality of insulated pipe joiius; 
each including a first tubular meiiiber liavJii]? a flani^t; porfcioti 
at one end thetcof, a *?ccond tubxilsir mey!ibeT i>«ving a c"-^p ■p*^^^^''*^^ 
at <Hic cud th<?Teof adapted to be received in s^id flange portion 
of said first tubular meinbci' vfith a k^^V thcriibctwoou, and hti 
10 insulatinit mcjilhcr dispe:;iid in said gap betweexi 5aid HaTige/poT- 
flDR and sHxd e&p portion foT hermetically coupHng said first 
BTid •^ocond tub^ilax momber and for electrically insulating said 
first and second tubular inembers from one atkoth^r, said insulated 
pipe Joints being operatively disposed to couple at loast some 

IS i>f saltl pipe scctlotis and said electrode v^iiiie blec^tric^lly 
liisulaLiiig said ot least somii of Siiid pipe suctiotis and said 
electrode^ and a cable connected to said electrode for supplying 
an electric current ta said electrode. 

2, The electrode device as sot forth in claim 1 wherein 
at least some of said insulated pipo joints are intercounectijd. 

3, the electrode d-ovice as sut fort.h in claim 1 h'beioin 
$ald Insulating mt^juber t>f ^ach .oC 5aid insulated pip^ joints 
comprises a first insulating portion disposed in said gap between 
said f.lapge portion apd said cap portion, and second in^ulatiTtg 
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portions disposed adjacent inner and outer surfniies of said 
tubular meiaftbers, said first and s&cond insulating portions 
beiijig formeiS intejir^Lly ^fitb each other, 

4. eletitiode device as set forth in claiiti 1 TfheTein 

5 said ini^iilatiixg jntimbcr of ojtch of said insulated pip& jolxiti^ 
is mad© oT a gl(i5^;?-inic.a nialdiinj fo^jfied fr^jm glass axvd mica 
pov/dcrs ^ 

Tho electrode device as fartli in claim 1 further 
comprising an in-^uls-tin^f coating profid^d op at least a V'^J^tiou 

10 gf ain Outer surface said insulated pipe joints. 

6. The electrode dovico as set forth in cleim S. wherein 

said insulin ting coating is:polytetTfifl.uorDoth)fl ene , 
7^ Th& electrode device as set forth in clatjn 6 wh&ryia 

5Hld insulatxTig c,a$.tin^ comprises a resin of tEiermally slitinkabl© 

15 po lyt 6t r a fluoTP ethylene. 

R, The electrode diivicc a5 set forth in claim 5 v^horiiiji 

^$.id insulating cDitting comprises a xcsin of diphenyl oxide. 

9, iiie electrode d^irice as set forth in an/ of claims 5-7 
furtheT comprising a pTatccfive layer of insylation .upoa at : 

2 0 least a portion of said insulating coatings 

10. the Lilcctrode davico as set forth in any of claims 
f^Tthev comprising a protectiva layer of insulation upon at 
least a portion of i^aid insulating coating, ^uid layer of 
protective insulation comprising a materia] selected from the 
group consistijig of poly^tliylesiie^ polypiH?^l^a and polyvin/1 diloride. 
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ground hydrocorbonb coiftpr J.c::^\ig a plurality o£ Int-t^TT- 

coniiCCi-.Ofl wfslX pipft sec I. ion B, uji L'-lootrodfi ciaapted to bo disposed 
ifi an mi«5eror^ounK5 c^ep^H^t of hydrooarbnne &ut>t>J-y-i-^i9 olccl:ri<: 
currcnL tx5 f?ai'cl LLndc.rfirouP<^ depoaJ.tf a,t l.east one ijx^uiatoa pipe 
joinl includiiKj A fir&t tubulEtr memb^^r comprised of a v;cli i^Xl-^e. 
secfcD.UTi having a flauyC portion at ond tild U^Oi-'eof / iieccnd tubn-' 
lar raEmber coiiipx Xsiwd of. said electrc^dci d>.:^poHfed in aligntiiCtit 
with sAid lirt-t tubular mfiiiibfir, -a cOyi^r aiCiub^r caririL-d by saf.d 
Eftcond tubule^jC ttiLiiTibCir bavinci a cup portion ftt onfi enti thiircoX 
dippo^d ill ovErlyin^j rol^t.ion to «j^i:d fiangc .portion above sftici 
firat tubiilur inomb&r wtth a gap thereb^^twcen , an iniiulAtiSflf^ me.TnbBi: 
disposed in iiaid gfl^i between Baid flan90 porl^ion and iia.ld cap 
portioi^ for hanaO'tiOftl.Iy coupling Kuid firjit and s-RcOnd tubu.lar 
meiAbex aiid for electrically inBui^ting said f.lrst nnd second 
tabulisr JTiembBrfi from one another, cfiblG mcaiie connocted ±.0 ?;aid 
cleoirodei fc^r iJupplyin^ an electric current to said t^loctrod?*. and 
an insulating coating? provided on nt loaot an outer surface ot 
!uatd :t.neulati:ng i>Ipo Joiat. 




